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,QWURGXFWLRQ
,QGXVWU\QHHGVWRSURWHFWLWVDVVHWVSURGXFWVDQGEXVLQHVVSURFHVVHVIURPSRWHQWLDOF\EHUVHFXULW\EUHDFKHVLQRUGHU
WRPDLQWDLQLWVEXVLQHVVIXQFWLRQV7KLVERLOVGRZQWRWKHVHOHFWLRQRIVHFXULW\controls RU countermeasuresDLPHGDW
HLWKHUEORFNLQJDQDWWDFNRUPLWLJDWLQJGDPDJHIURPDVXFFHVVIXODWWDFN3RWHQWLDOWKUHDWVFRPHIURPKDFNHUVDLPLQJ
DWDWWDFNLQJUDQGRPXVHUVDQGFRPSDQLHVHJYLD VSDPDQGVRFLDOHQJLQHHULQJDWWDFNVHJSKLVKLQJYLUXVHVDQG
WURMDQVVS\ZDUHDQGPDOZDUHERWQHWVHWFRUWDUJHWLQJSDUWLFXODUFRPSDQLHVRULQGLYLGXDOVHJYLDGLVWULEXWHGGHQLDO
RIVHUYLFH''R6VSHDUSKLVKLQJUDQVRPZDUHDQGRWKHUEUXWHIRUFHRUORZUDWHDWWDFNV(VSHFLDOO\GDQJHURXVDUH
FRPSOH[SHUVLVWHQWDWWDFNVWKDWDLPDWGLVUXSWLQJWKHQRUPDOIXQFWLRQLQJRIDSDUWLFXODUFRPSDQ\H[SORLWLQJVHYHUDO
YXOQHUDELOLWLHVDWRQFH
7KHUDFHEHWZHHQDWWDFNHUVZKRDUHFRQVWDQWO\VHDUFKLQJIRUYXOQHUDELOLWLHVDQGDQWLYLUXVVRIWZDUHSURGXFHUVZKR
DUH FRQVWDQWO\SDWFKLQJYXOQHUDELOLWLHV FRQWLQXHV'HVSLWH FRQWLQXRXV LQFUHDVHRI LQYHVWPHQWV LQ VHFXULW\E\ ODUJH
FRPSDQLHV UHJXODUPHGLD UHSRUWVDERXWHPHUJHQWDWWDFNV VHFXULW\EUHDFKHVDQG WKH LQFUHDVLQJVFDOHRIHFRQRPLF
ORVVHVGHPRQVWUDWHWKDWWKHSUREOHPRIVHFXULW\LVIDUIURPEHLQJVROYHG
7KHLQIRUPDWLRQVHFXULW\EUHDFKHVVXUYH\>@FRQGXFWHGE\3Z&IRU8.JRYHUQPHQWUHSRUWHGWKDWRI
ODUJHDQGRIVPDOORUJDQL]DWLRQVVXIIHUHGVHFXULW\EUHDFKHVLQDQLQFUHDVHIURPWKHSUHYLRXV\HDUIURP
DQGUHVSHFWLYHO\7KHDYHUDJHZRUVWVLQJOHVHFXULW\EUHDFKFRVWZHQWXSIURPNPLQWRP
PLQIRUDODUJHRUJDQL]DWLRQDQGIURPNNLQWRNNLQIRUDVPDOOEXVLQHVV
RIUHVSRQGHQWVH[SHFWDQLQFUHDVHRIVHFXULW\LQFLGHQWVLQWKHXSFRPLQJ\HDUVVXJJHVWLQJDQLQFUHDVHLQVHFXULW\
EXGJHWVWRSUHYHQWDQGWRPLWLJDWHVHFXULW\EUHDFKHV6LPLODUWUHQGVDUHUHSRUWHGIRUEXVLQHVVHVLQWKH86VHHHJ
3RQHPRQ,QVWLWXWHUHSRUW>@
,QWKLVFRQWH[WFRPSDQLHVIDFHDWOHDVWWZRSUREOHPV)LUVWO\WRGHFLGHRQWKHEXGJHWIRUVHFXUHIXQFWLRQLQJRIWKH
FRPSDQ\VHFRQGO\ WRGLYLGH WKHEXGJHWDPRQJVHFXULW\FRQWUROV WREX\DQG WRXSGDWH$QRWKHU LQWHUHVWLQJ LVVXH
ZKLFKLVEH\RQGWKHVFRSHRIWKLVSDSHULVKRZWRDFWLQWKHFDVHRIDEUHDFKZKLFKFRXQWHUPHDVXUHVWRDSSO\ZKHQ
DQDWWDFNKDSSHQVDQGKRZWRSHUIRUPLQFLGHQWUHVSRQVHPRVWHIILFLHQWO\
7KH SUREOHP RI FKRRVLQJ D EXGJHW WR EH VSHQW LV D PDQDJHPHQW GHFLVLRQ XVXDOO\ PDGH E\ WKH ERDUG RI
GLUHFWRUVRZQHUVRIFRPSDQ\WRJHWKHUDQGLVLQIRUPHGE\&KLHI,QIRUPDWLRQ6HFXULW\2IILFHU&,627KHGHFLVLRQ
PDNLQJLQYROYHVHVWLPDWLQJULVNVUHODWHGWRSRWHQWLDODWWDFNVDQGVHFXULW\EUHDFKHVDQGFRQVLGHULQJKRZZHOORWKHU
FRPSHWLWRUFRPSDQLHVDUHSURWHFWHG ,QEXVLQHVV LW LVEHOLHYHGWKDW LW LVHQRXJKWREHSURWHFWHGVOLJKWO\EHWWHU WKDQ
FRPSHWLWRUVLQRUGHUWRUHGXFHWKHFKDQFHVRIEHLQJDWWDFNHGVLQFHDWWDFNHUVVHDUFKIRUHDVLHVWWDUJHWV>@
7KHSUREOHPRIDOORFDWLQJEXGJHWEHWZHHQGLIIHUHQWVHFXULW\FRQWUROVLVVROYHGE\WKH&,62ZKRXVXDOO\IROORZV
VHFXULW\SROLFLHVRIWKHFRPSDQ\DQGH[LVWLQJVWDQGDUGVIRUULVNDVVHVVPHQWHJ>@'HFLVLRQVDERXWZKLFKFRQWUROV
WREX\ZRXOGW\SLFDOO\EHGRQHZLWKDOLPLWHGEXGJHWDQGLWLVQRWSRVVLEOHWREX\DOODYDLODEOHFRQWUROV
([LVWLQJULVNDVVHVVPHQWPRGHOVDUHEDVHGRQTXDOLWDWLYHRUTXDQWLWDWLYHDQDO\VLVRUVRPHFRPELQDWLRQRIERWK)RU
LQVWDQFHLQWHUQDWLRQDOVWDQGDUGV,62,(&>@DQG1,67>@SURYLGHJHQHUDOUHFRPPHQGDWLRQVIRUTXDOLWDWLYH
ULVNDVVHVVPHQW,Q>@ERWKDSSURDFKHVDUHXVHGTXDOLWDWLYHIRULGHQWLI\LQJJURXSVRIDWWDFNHUVRUDVVLJQLQJOHYHOVRI
DWWDFNVHYHULW\DQGTXDQWLWDWLYHIRUPHDVXULQJHIILFLHQF\RIFRXQWHUPHDVXUHVDJDLQVWYDULRXVWKUHDWVDQGWKHLUFRVW
%RWKRIWKHLQGLFDWHGSUREOHPVKDYHEHHQDGGUHVVHGLQWKHOLWHUDWXUHEXWQRWVROYHGWRJHWKHU5HFHQWDSSURDFKHVWR
ULVNDVVHVVPHQWDQGSODQQLQJDGGUHVVPLQLPL]LQJVHFXULW\ULVNDQGEXGJHWIRUFRQWUROVVLPXOWDQHRXVO\>@DSSO\LQJ
ILQDQFLDOPRGHOOLQJ IRU ULVNDVVHVVPHQW >@SODQQLQJXQGHUXQFHUWDLQW\ IRUKLJK LPSDFW HYHQWV >@ IRUPXODWLQJ
EXGJHWDOORFDWLRQDVDPXOWLSOHNQDSVDFNSUREOHP>@,QRXUSUHYLRXVZRUN>@VHYHUDODOWHUQDWLYHIRUPXODWLRQV
IRUVHOHFWLQJWKHRSWLPDOVXEVHWRIVHFXULW\FRQWUROVZHUHVXJJHVWHG
,QWKLVSDSHUZHH[WHQGZRUNVWDUWHGLQ>@DQGDGGUHVVWZRVWDJHVRIVHFXULW\FRQWUROVVHOHFWLRQSUREOHPWKH
VHFXULW\EXGJHWLQJDQGVHOHFWLRQRIVHFXULW\FRQWUROVJLYHQVXFKEXGJHW,Q6HFWLRQVWDWHRIWKHDUWDSSURDFKHVDUH
FRQVLGHUHGIRUERWK LQGLFDWHGSUREOHPVDQG LQ6HFWLRQZHSURSRVHRXUDSSURDFK WRVROYLQJ WKHVHSUREOHPV7KH
SUHVHQWHGDSSURDFKLVLOOXVWUDWHGZLWKDQH[DPSOHLQ6HFWLRQ:HGUDZFRQFOXVLRQVDQGLQGLFDWHIXWXUHGLUHFWLRQVIRU
WKLVZRUNLQ6HFWLRQ
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%XGJHWDQGVHFXULW\FRQWUROVVHOHFWLRQ
2QHRIWKHPDLQFKDOOHQJHVLQWKHVHFXULW\LQGXVWU\LVWKHGLIILFXOW\RIGHPRQVWUDWLQJDQGTXDQWLI\LQJWKHEHQHILWRI
VHFXULW\ LQYHVWPHQWV WR FRQYLQFHPDQDJHUV WR LQYHVW LQ VHFXULW\7KHGLIILFXOWLHV LQGHILQLQJ F\EHUVHFXULW\ FUHDWH
FRQIXVLRQDQGDODFNRISXEOLFXQGHUVWDQGLQJRIF\EHUVHFXULW\WKUHDWV>@+HQFHSRWHQWLDOUHVLVWDQFHRIPDQDJHUV
WRLQYHVWLQWRF\EHUVHFXULW\PD\EHUHODWHGWRVXFKOXFNRIXQGHUVWDQGLQJ7RKHOSPDQDJHUVWRPDNHLQIRUPHGGHFLVLRQ
DERXW WKHVHFXULW\EXGJHWVHYHUDOHGXFDWLRQDOVHVVLRQVDERXWVHFXULW\ WKUHDWVPD\EHRUJDQL]HG,Q WKLVVHFWLRQDQ
DSSURDFKIRUKHOSLQJPDQDJHUVRQVHFXULW\EXGJHWVHOHFWLRQDQGLWVDOORFDWLRQEHWZHHQVHFXULW\FRQWUROVLVSURSRVHG
EDVHGRQSRUWIROLRVHOHFWLRQSUREOHPZHOONQRZQLQILQDQFLDOPDQDJHPHQW
2.1. Budget selection 
,QEXGJHWVHOHFWLRQRQHFRQVLGHUVVHFXULQJDFRPSDQ\DVDUHZDUGLQJDFWLYLW\HJE\YLHZLQJORVVSUHYHQWLRQZLWK
VHFXULW\FRQWUROVDVJDLQVUHODWLYHWRDEDVHOLQHZLWKRXWWKHP6XFKDFWLYLW\UHTXLUHVVRPHUHVRXUFHVDQGOHDGVWR
SRWHQWLDOO\ SUHYHQWLRQRI VHULRXV ORVV HJ LQ FDVH LI KLJKO\ LPSUREDEOH EXWYHU\ GDPDJLQJQHZ W\SHRI DWWDFN LV
SUHYHQWHGVDYLQJWKHFRPSDQ\IURPKLJKORVVHVRUHYHQEDQNUXSWF\:HEHOLHYHWKDWWKLVYLHZSRLQWZLOOKHOSPDQDJHUV
ZKHQDOORFDWLQJVHFXULW\EXGJHWDQGILQGVHFXULW\LQYHVWPHQWDVSRWHQWLDOO\SURILWDEOH+HQFHLQWKHVHVHWWLQJVWKHUH
ZLOODOZD\VEHVRPHVHFXULW\EXGJHWWKDWWKHFRPSDQ\ZDQWVWRVSHQGIRUVHFXULW\+RZHYHUWKHUHZLOOVWLOOEHWKH
TXHVWLRQZKLFKLVWKHEHVWYDOXHIRULWWDNLQJLQWRDFFRXQWVL]HRIWKHFRPSDQ\LWVDFWLYLW\KRZPXFKWKHFRPSDQ\
LQYHVWHG LQWRVHFXULW\EHIRUHDQGKRZPXFK LWZDQWV WRVSHQGIRUXSGDWLQJROGDQGEX\LQJQHZVHFXULW\FRQWUROV
&XUUHQWO\PRVW&,62VPDQDJHUVORRNDWRWKHUFRPSDQLHVDQGLPSOHPHQWVLPLODUWRFRPSHWLWRUV¶VHFXULW\PHDVXUHV
>@,WLVDOVREHOLHYHGWKDWLWLVHQRXJKWREHSURWHFWHGVOLJKWO\EHWWHUWKDQFRPSHWLWRUVWREHRXWRIWKHDWWDFNHUVIRFXV
7KHUHPLJKWEHFRQIOLFWVRIRSLQLRQVEHWZHHQGLIIHUHQWPDQDJHUVDQGRU&,62ZKLFKPDNHDJUHHLQJDERXW WKH
EXGJHWRI WKHFRPSDQ\GLIILFXOW6ROXWLRQVIRU WKLVSUREOHPFDQEHIRXQGZLWK WKHKHOSRIJURXSGHFLVLRQPDNLQJ
DSSURDFKHVVHHHJ>@$IWHUWKHEXGJHWIRUSURWHFWLQJFRPSDQ\IURPSRWHQWLDODWWDFNVLVFKRVHQE\WRSPDQDJHUV
&,62KDVWRPDNHGHFLVLRQVDERXWKRZWRVSHQGWKHDOORFDWHGEXGJHWZLVHO\
2.2. Traditional security risk 
$ODUJHQXPEHURISRWHQWLDOWKUHDWVH[LVWWKDWPLJKWKDSSHQZLWKVRPHSUREDELOLW\WRDQ\FRPSDQ\JRYHUQPHQWDO
RUJDQL]DWLRQRU LQGLYLGXDOV6HFXULW\H[SHUWVFDQVXEMHFWLYHO\HYDOXDWH WKHSUREDELOLW\RU OLNHOLKRRGRIHDFK WKUHDW
EDVHGRQWKHLUH[SHULHQFHDQGNQRZOHGJHRIUHFHQWWKUHDWVDQGDWWDFNVE\DQDO\]LQJH[LVWLQJYXOQHUDELOLWLHVRIYDOXDEOH
FRPSDQ\¶VDVVHWV,QDGGLWLRQWRWKHSUREDELOLW\OLNHOLKRRGRIDWKUHDWDW\SLFDOULVNDVVHVVPHQWSURFHGXUHZLOOWDNH
LQWRDFFRXQWWKHLPSDFWRIH[SORLWDWLRQ
7KHPRVWFRPPRQZD\&,62VWDNHWRSHUIRUPULVNDVVHVVPHQWRIWKHFRPSDQ\LVE\DVVHVVLQJH[SHFWHGORVVYDOXH
7KHLQLWLDOORVVYDOXHLZKHQQRVHFXULW\FRQWUROVDUHDSSOLHGFDQEHFRPSXWHGHJVLPLODUO\WR>@E\DQDO\]LQJ
H[LVWLQJ YXOQHUDELOLWLHV RI WKH FRPSDQ\¶V DVVHWV Vi  ^` HVWLPDWLQJ SUREDELOLWLHVOLNHOLKRRG pij  >@ RI
H[SORLWLQJYXOQHUDELOLWLHVViYLDSRWHQWLDOWKUHDWVTj^`DQGLPSDFWRIVXFKH[SORLWDWLRQVIi^`ZKHUH
i={1,…,n}DQGj={1,…,m}LQGLFDWHYXOQHUDELOLWLHVDQGWKUHDWVUHVSHFWLYHO\
L  pij Vi 
i 
n
¦
j 
m
¦ I i           
,QYHVWPHQWLQWKHVHFXULW\EXGJHWVKRXOGEHGRQHLQVXFKDZD\WRPLQLPL]HSRWHQWLDOORVVHV7RVSHQGWKHDYDLODEOH
EXGJHWBIURPDOODYDLODEOHFRQWUROVl={1,…,k}VRPHVKRXOGEHVHOHFWHGWREHERXJKWxl^`ZKHUHVWDQGVIRU
VHOHFWLQJlWKFRQWUROWREHERXJKWDQGIRUQRWVHOHFWLQJDQGOHDGLQJWRLQWHJHUIRUPXODWLRQRIWKHSRUWIROLRVHOHFWLRQ
SUREOHP ZKHQ FRPSDUHG WR VWDQGDUG FRQWLQXRXV /HW x GHQRWH WKH FKRLFH RI VXEVHW RI FRQWUROV HJ
x                       TPHDQVWKDWx2DQGx5FRQWUROVDUHVHOHFWHGERXJKW
)RUWKLVWKH&,62KDVWRHYDOXDWHKRZZHOOHDFKFRQWUROxlSURWHFWVHDFKYXOQHUDELOLW\Vi.6HH7DEOHIRUVXFKYDOXHV
tli^`DVVXJJHVWHGLQ>@1RWHWKDWQHJDWLYHYDOXHVRItliVKRZWKDWQHZULVNVDUHLQWURGXFHGE\XVLQJ
FRQWUROtli LIFRQWUROxlLVQRWFRYHULQJYXOQHUDELOLW\Vi, DQGFRPSOHWHFRYHUZLWKtli 
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
7KHWRWDOFRVWCLVXVXDOO\FRPSRVHGIURPGLUHFWDQGLQGLUHFWFRVWVRIVHFXULW\FRQWUROVIRUEX\LQJDQGPDLQWDLQLQJ
WKHPUHVSHFWLYHO\ZKHUHclLVWKHFRVWRIWKHVHFXULW\FRQWURO xl
Cx xl cl
l 
k
¦           
7KHQVXFKVXEVHWRIVHFXULW\FRQWUROVKDVWREHVHOHFWHGWKDWPLQLPL]HVWKHWRWDOORVVULVNDIWHUDSSO\LQJFRQWUROV
Rx  L PxWDNLQJLQWRDFFRXQWFRQVWUDLQHGEXGJHWB

PLQ
xl
Rx stCxd B         
+RZHYHULWLVQRWDOZD\VSRVVLEOHWRHYDOXDWHVHFXULW\LQWHUPVRIUHGXFLQJULVNRISRWHQWLDOORVVHVDQGYLHZ
WKHVHORVVHVLQGHSHQGHQWO\IURPHDFKRWKHU+HUHZHVXJJHVWDQDOWHUQDWLYHYLHZWKDWFRQVLGHUVSUHYHQWLRQRIORVVHV
DVJDLQVUHODWLYHWRWKHEDVHOLQHRIQRWLQYHVWLQJLQVHFXULW\7KLVFKDQJHRIYLHZDOORZVXVWRFRQVLGHUWKHVHOHFWLRQ
RIVHFXULW\FRQWUROVDVZHOODVWKHEXGJHWDOORFDWLRQSUREOHPDVDQLQYHVWPHQWSRUWIROLRRSWLPL]DWLRQSUREOHPZLWK
SRVLWLYHUHWXUQRQLQYHVWPHQWDQGYDULDQFHRIUHWXUQRQLQYHVWPHQWV
2.3. Security risk vs. rewarding security 
:HSURSRVHWRDSSURDFKLQYHVWPHQWLQWRVHFXULW\DVDSURILWDEOHDFWLYLW\WKDWZRXOGHQFRXUDJHPDQDJHUVWRLQYHVW
LQWR$QH[DPSOHRISURILWDEOHLQYHVWPHQWLQWRVHFXULW\FDQEHFRQVLGHUHGZKHQDQDWWDFNKDVEHHQSUHYHQWHGE\RQH
RIFRPSDQ\¶VHPSOR\HHVVXFKSUHYHQWLRQFDQDOVREHVHHQDVDJDLQIRUWKHFRPSDQ\VLQFHELJORVVKDVEHHQSUHYHQWHG
7KHQLQYHVWLQJWLPHHIIRUWDQGRWKHUUHVRXUFHVQHHGHGIRUGHWHFWLRQDQGSUHYHQWLRQRIDQDWWDFNLVVHHQDVQHFHVVDU\
VSHQGLQJLQYHVWPHQWIRUDYRLGLQJSRWHQWLDOO\ELJORVVHV
,Q WKHDERYHGLVFXVVHGVHWWLQJV&,62 LV LQWHUHVWHG LQDOORFDWLQJ WKHDYDLODEOHEXGJHW LQWREHVWFRQWUROV LH WKH
FRQWUROVZLWKPD[LPDOWRWDOHIILFLHQF\RISURWHFWLQJWKHFRPSDQ\DJDLQVWDVPDQ\DVSRVVLEOHNQRZQDQGGHVLUDEO\
XQNQRZQSRWHQWLDOWKUHDWV7KLVZLOOPD[LPL]HWKHH[SHFWHGUHWXUQRUJDLQIURPWKHLQYHVWPHQW1RWHWKDWFRQWUROV
ZLWK KLJK SURWHFWLRQ HIILFLHQF\ DJDLQVW SRWHQWLDOO\ DV PDQ\ WKUHDWV DV SRVVLEOH DUH SUHIHUUHG WR WKRVH ZLWK ORZ
SURWHFWLRQHIILFLHQF\DJDLQVWVPDOOHUQXPEHURIWKUHDWV+HQFHFRYHUDJHRIDVPDQ\DVSRVVLEOHWKUHDWVLVHQFRXUDJHG
LQWULQVLFDOO\ZLWKLQLQGLYLGXDOFRQWUROV¶HIILFLHQF\E\FRYHULQJPDQ\WKUHDWV7KHQH[SHFWHGUHWXUQZKLFKLVQRW
QHFHVVDU\PRQHWDU\RIDVHWRIVHFXULW\FRQWUROVFDQEHFRPSXWHGDV WKHGLIIHUHQFHEHWZHHQJDLQVREWDLQHGIURP
LPSOHPHQWLQJFRQWUROVDQGWKHLUFRVWV

Ex GxCx         

7KHUHDUHGLIIHUHQWZD\VWRGHILQHJDLQ)RULQVWDQFHLWFDQEHWDNHQDVP(x)GHILQHGE\7KHODUJHUWKHYDOXHRI
WKHH[SHFWHGJDLQWKHEHWWHUWKHFRPSDQ\LVSURWHFWHGIURPSRWHQWLDOWKUHDWVDQGDVXEVHWRIVHFXULW\FRQWUROVxlZKLFK
PD[LPL]HVJDLQVKRXOGEHVHOHFWHG
2.4. Diverse controls selection 
$WWKHVDPHWLPHWKUHDWVFRYHUDJHFDQDOVREHWDNHQLQWRDFFRXQWH[WULQVLFDOO\E\FRPSDULQJKRZGLIIHUHQWVHWVRI
FRQWUROVFRYHUVHWVRIWKUHDWV7UDGLWLRQDOO\LQILQDQFLDOZRUOGLQYHVWLQJLQWRVLPLODUILQDQFLDODVVHWVLVULVN\>@VLQFH
VLPLODUDVVHWVRULQGXVWULHVPLJKWORRVHWKHLUYDOXHIRUWKHVDPHUHDVRQVHJRLODQGJDVEHFRPHVFKHDSHUGXHWRQHZ
W\SHVRIHQHUJ\SURGXFWLRQDGYDQFHVVRLQYHVWLQJLQRQO\WKRVHWZRLQGXVWULHVLVULVN\6LPLODUO\ZKHQVHOHFWLQJVHYHUDO
VSHFLHV RI ELRORJLFDO SRSXODWLRQ IRU IXWXUH SUHVHUYDWLRQ HJ VHYHUDO SODQWV VSHFLHV IRU WKHLU SRWHQWLDO IXWXUH \HW
XQNQRZQSKDUPDFHXWLFDOEHQHILWLWLVLPSRUWDQWWRVHOHFWDVGLYHUVHVSHFLHVDVSRVVLEOH>@
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,QVHFXULW\WRDFFRXQWIRUGLYHUVLW\LWLVDVVXPHGWKDWFRQWUROVRIWKHVDPHW\SHNLQGZRXOGSURYLGHSURWHFWLRQ
DJDLQVWVLPLODUW\SHRIWKUHDWV7KHQLQRUGHUWRSURWHFWDFRPSDQ\IURPYDULRXVWKUHDWVYDULRXVRUGLYHUVHW\SHVRI
FRQWUROVVKRXOGEHVHOHFWHGDQGVHOHFWLQJVLPLODURQHVLVFRQVLGHUHGWREHULVN\)ROORZLQJWKHFODVVLFDOILQDQFLDOPRGHO
RI0DUNRZLW]>@WKHULVNV x FDQEHH[SUHVVHGLQWHUPVRIWKHFRYDULDQFHPDWUL[QDVIROORZV
¦¦¦
   
 
k
l
k
s
m
i
slsil xqxx
  
V         
$VDERYHxGHQRWHVWKHFKRLFHRIVXEVHWRIFRQWUROV(DFKHOHPHQWqlsiRIPDWUL[QUHSUHVHQWVKRZVLPLODUDUHWZR
FRQWUROVxlDQGxRQYXOQHUDELOLW\Vi,WVKRXOGEHSRVVLEOHIRU&,62WRHYDOXDWHFRYDULDQFHVLPLODULW\YDOXHVqlsi
EDVHGRQSDLUZLVHFRPSDULVRQRIFRQWUROV1RWHWKDWQHJDWLYHFRYDULDQFHHJqlsi ±VKRZVGLVVLPLODULW\EHWZHHQ
FRQWUROVDQGLVSUHIHUDEOHFRQWUDU\WRSRVLWLYHFRYDULDQFHHJqlsi ZKLFKVKRXOGEHDYRLGHGDQGULVNWHUP
V x LVWREHPLQLPL]HG
7KHQ VXFK D VXEVHW RI VHFXULW\ FRQWUROV KDV WR EH VHOHFWHG WKDWPD[LPL]HV WKH H[SHFWHG UHWXUQ IURP DSSO\LQJ
VHOHFWHGFRQWUROV DQGPLQLPL]HVULVNRIVHOHFWLQJVLPLODUFRQWUROV VLPXOWDQHRXVO\WDNLQJLQWRDFFRXQW
OLPLWHGEXGJHW

BxCtsxandxE dPLQPD[ V       
1RWHWKDWWKHUHPD\EHVHYHUDORIVXFKRSWLPDOVXEVHWVVHOHFWLQJRQHDPRQJZKLFKLVQRWWULYLDO
2.5. Risk-to-Return trade-offs for different budgets 
2SWLPL]LQJOHDGVWRILQGLQJQRWDVLQJOHEXWPXOWLSOHVRFDOOHG3DUHWRRSWLPDOVXEVHWVRIFRQWUROVHDFKRIZKLFK
LVEHWWHURQDWOHDVWRQHRIWKHREMHFWLYHVUHWXUQRUULVNDQGQRWZRUVHRQWKHUHVWRIREMHFWLYHV7RVHOHFWRQHVROXWLRQ
DPRQJPDQ\YDULRXVDSSURDFKHVFDQEHWDNHQIRULQVWDQFHRQHRIWKHPLVWRILQGDQRSWLPDOUDWLREHWZHHQULVNDQG
UHWXUQVXEMHFWWREXGJHWFRQVWUDLQW)RULQVWDQFHUHWXUQWRULVN6KDUSHUDWLRZHOONQRZQLQILQDQFLDOOLWHUDWXUH>@FDQ
EHXVHGKHUH
BxCts
x
xE
xSh d 

PD[
V
       
7KHPD[LPL]DWLRQRIWKH6KDUSUDWLRW\SLFDOO\OHDGVWRDVRFDOOHGNQHHSRLQWVROXWLRQRQWKH3DUHWRIURQWZKLFKLV
DSRLQW LQZKLFK WKH ORVVHVDVFRPSDUHG WR WKHEHVWDWWDLQDEOHYDOXHIRUERWKREMHFWLYHVKHUHH[SHFWHGUHWXUQDQG
VWDQGDUGGHYLDWLRQDUHVPDOO4XDGUDWLFSURJUDPPLQJWHFKQLTXHVFDQEHXVHGWRGHWHUPLQHSRLQWVRQWKH3DUHWRIURQW
$PRQJ WKHVH SRLQWV WKH SRLQWZLWKPD[LPDO 6KDUSH UDWLR FDQ EH IRXQG HLWKHU E\ HQXPHUDWLRQ RU E\ JHRPHWULFDO
FRQVWUXFWLRQ)RUWKHODWWHULQGLIIHUHQFHOLQHVFDQEHFRQVWUXFWHGDQGDPRQJWKHPWKHOLQHWDQJHQWLDOWRWKH3DUHWR
IURQWLHU WKHVRFDOOHG&DSLWDO$OORFDWLRQ/LQH&$/GHWHUPLQHVWKHSRLQWZLWKRSWLPDO6KDUSUDWLRRQWKH3DUHWR
IURQW
([SHULPHQWDOUHVXOWV
1H[WZHH[HPSOLI\WKLVVWUDWHJ\E\PHDQVRIDUHDOLVWLFH[DPSOH7KHVFHQDULRDQGGDWDDUHWDNHQIURP>@
SRVVLEOHVHFXULW\FRQWUROVFDQEHDSSOLHGDOORIZKLFKZLWKDVSHFLILFFRVWDQGSURWHFWLQJPRUHRUOHVVHIIHFWLYHO\IRU
DFHUWDLQVHWRIVHFXULW\YXOQHUDELOLWLHV0RUHRYHU LQVRPHFDVHVWKH\KDYHDQDYHUVHHIIHFWRQWKHSURWHFWLRQHJ
ZKLOHSURWHFWLQJIRURQHW\SHRIYXOQHUDELOLW\RSHQLQJXSWKHSRVVLELOLW\RIFHUWDLQRWKHUW\SHVRIYXOQHUDELOLWLHV
$VVWDWHGDERYHWKHVHOHFWLRQRIFRQWUROVLVPRGHOHGE\PHDQVRIDELQDU\GHFLVLRQYHFWRUDQGWKHDLPLVWRILQG
WKHRSWLPDOVHOHFWLRQZLWKUHVSHFWWRWKH6KDUSHUDWLR5HFDOOWKHH[SHFWHGUHWXUQE(x)LVWKHH[SHFWHGJDLQG(x)PLQXV
FRVWC(x),QWKLVH[DPSOHDVLPSOLILHGYHUVLRQRIJDLQLVFRQVLGHUHG,WLVDVVXPHGWKDWLIFRQWUROxlLVVHOHFWHGWKHJDLQ
ZLOOEHWKHVXPRIDOOYXOQHUDELOLW\LPSDFWVIiWLPHVWKHHIIHFWLYHQHVVtilPDWFKLQJRIFRQWUROxlRQYXOQHUDELOLW\Vi
7KHSUHFLVHGDWDFDQEHREWDLQHGIURP7DEOHV
Ex V x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7DEOH,PSDFWRI9XOQHUDELOLWLHV
9XOQHUDELOLW\ ͳ ʹ ͵ Ͷ ͷ ͸ ͹ ͺ ͻ ͳͲ
,PSDFWRQ&,$ 333 333 &&& 333 333 113 333 &&& 333 &&&
,PSDFWIi           
7DEOH&RVWVRIFRQWUROVFRXQWHUPHDVXUHV
&RQWURO[O x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12
&RVW            

&RQWUROݔ௟ x13 x14 x15 x16 x17 x18 x19 x20 x21 x22 x23 x24
&RVW            
7DEOH(IIHFWLYHQHVVRIVHFXULW\FRQWUROV¶SURWHFWLRQRIYXOQHUDELOLWLHV
9XOQHUDELOLWLHVVi











&RQWUROV
xl
tli V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
x1          
x2          
x3          
x4          
x5          
x6          
x7          
x8          
x9          
x10          
x11          
x12          
x13          
x14          
x15          
x16          
x17          
x18          
x19          
x20          
x21          
x22          
x23          
x24          

1RZ Ex  GxCx ZLWK Gx  tli  I i
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
¦
ª
¬
«
º
¼
»
l 

¦  xl  Cx  Cl 
l 

¦ xl Ǥ 7KH UHWXUQ RI D VLQJOH
FRQWUROLVJLYHQE\ rl  tli  I i
i 

¦
ª
¬
«
º
¼
»Cl QGWRWDOH[SHFWHGUHWXUQLV xrrxE     Ǥ7KHFRYDULDQFHRIWKH
UHWXUQFDQEHFRPSXWHGDV   ssssllllls CItCItCItCItCovQ   ZKLFKLV
HTXLYDOHQWWRQls  

n

s 

¦
l 

¦ tli  I i Cl  tsi  I i Cstlz  I z Cl  tsz  I z Cs
*LYHQDPD[LPDOEXGJHWBWKDWFDQEHVSHQWRQFRQWUROVZHFDQVROYHWKH6KDUSHLQGH[RSWLPL]DWLRQSUREOHP
Shx  GxCx r
V  x
oPD[ s t Cl
l 

¦  xl d B      
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ZKHUHr0LVULVNIUHHUHWXUQZKLFKZHDVVXPHKHUHWREHHTXDOWRLHr0 
)RUVROYLQJWKHIRUPXODWLRQZLWKLQWHJHUYDULDEOHVxl^`KHUH0$7/$%TXDGUDWLFVROYHULVXVHG>@
7KHUHVXOWVDUHVKRZQLQ)LJXUHOHIWDQGULJKW+HUHZH LOOXVWUDWHUHWXUQ WRYDULDQFH3DUHWRIURQWDQG0D[LPDO
6KDUSHUDWLRIRUGLIIHUHQWYDULDQFHUHVSHFWLYHO\

)LJXUH3DUHWRIURQWRIVHFXULW\FRQWUROSRUWIROLRVDQGPD[LPDO6KDUSHUDWLRV

)LJXUH3DUHWRIURQWRIEXGJHWVYVPD[LPDO6KDUSHUDWLRV
)LJXUHOHIWVKRZVDOVRWKH&DSLWDO$OORFDWLRQ/LQH&$/ZKLFKLVWDQJHQWLDOWRWKH3DUHWRIURQWLQWKHSRLQW
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